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I. INTRODUCTION

Satellites operating in the inclined elliptical orbits are used to cover

the polar regions. The inclined synchronous altitude circular orbits have a

range of 19,323 NM (35,805 kin) and a field of view (the angle subtended by

earth at the satellite) of 17.2°. However, a 12—hour Molniya Orbit has a

varying range, and the field of view also varies as the satellite moves along

the orbit. The purpose of this Technical Note is to place the range and field
of view in evidence.
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II. GENERAL CONSIDERATIONS

A. Only the inclined elliptical 12—hour orbits are considered. The

inclination between the plane of the orbit and the plane of the equator des-

cribes the orientation of the orbit, and does not affect the range nor the

field of view of the satellite.

B. The general rules used are Kepler’s three laws applied to the orbital

flight. The first law says that the orbit of the satellite is an ellipse with

earth at one focus. The second law says that the area swept by the line joining

satellite and earth in unit time is a constant. The third law says that the 
P

square of the period of the satellite is proportional to the cube of the semi—

major axis of the orbit.

C. Figure 1 illustrates the geometry of the orbit, where R is the radius

of the earth, R 3441.66NM; R1,R3 are the distances from the satellite to the

edges of the earth, R1
R
3; R2 is the distance from the satellite to the center

of the earth; G1, 02~ 
0
3 are angles between the major axis and ~~ R

~
, R3,

respectively; ~ is the angle subtended by earth at the satellite; a is semi—

major axis; ha is the apogee altitude and hp is the perigee altitude.

D. We want to plot the variation of the satellite field of view ~~~, the

satellite altitude (R2—R), and the distance from the satellite to the edge of

the earth R1, as a function of time since apogee passage.
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Fig. 1. Geometry of orbit.
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III. RESULTS

Figure 2 plots satellite altitude (R2—R) and the distance from the satellite
to the edge of the earth R

1 
(or R3

) ,  versus time since apogee passage.

Figure 3 shows the change of field of view a as a function of time since

apogee passage. Note that at apogee (t=0), a ~ 17°.

Figure 4 shows the graphs of 0i, ®2’ 03 as a function of time since apogee 
ii

passage. 
-

Note that near apogee (t=O), the change of is much slower than that near

perigee (t=6 hour). This agrees with Kepler’s second law.
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Fig. 2. Variations of satellite altitude and distance from satellite
to the edges of the earth.

r~~ H

- - - - -~~~~~~—-~~~~~~~~~ 
- . p

-

~ 

~~iT: ~T ~~~~~~~~~~~~~~~~~~~~ j ::~~~~~~~
” 

~~~~~~~~~ 

- — ,- - 
- ~~~~~~~~~~~~~~~~



I I I
118 —6 — 20406 1

120 - -

~
u
1OO -

V

3

>
‘ 8 0 - -

U-

a
-J
Iii

U- G O -  -

w
I-
-J
-J
III

~~~4 0 -  -
U)

20 - -

0 I I I I I
6.0 5.0 4.0 3.0 2.0 1.0 0

TIME SINCE APOGEE PASSAGE (hr)
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IV. DETAILED MATHEMATICS

*A. The set of equations used to generate the plots is explained below

By Kepler ’s third law, we have for the period T of the satellite

3
T(sec) = 2r ~~~

—

where a is semi—major axis of the orbit.

u = the mass of the earth times the universal gravitational

constant in ft3/sec
2
.

= 1.40766 x io16 ft3/sec2

By the definition of ellipse with eccentricity e, we have

R2 = e[(! — ae) + R
2cosO2]

r 2
—l I R~ — a + ae

or 0 = cos I2 
~ 

eR2

ha — hpand e 
ha + hp + 2R

For simplicity of the equations, the eccentric anomaly E of the satellite is
introduced . E is the angle measured from the maj or axis to the outward pro-
jection (normal to the major axis) of the satellite on the auxiliary circle .
The angle E is related to 0

2 by

1 2
~1—e sin 0

2sin E = ‘
1 + e cos 0

e + cos 0
2cos E = .1 + e cos 02

*Flight Performance Handbook for Orbital Operations, edited by R. W. Wolverton,
Space Technology Laboratories, Inc. (Wiley, New York, 1961).
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Using E, the following basic equation of the motion of the satellite can be

derived from Kepler’s second law,

R2 
= a(l — e cos E)

f

The time t since apogee passage can also be expressed in terms of E,
‘P

t = T/2 — (T/2 1T)(E — e sin E)

B. Computations are carried out as follows. For a 12—hour orbit, period

T=l 2 hours , therefore , f rom the equation

T(sec) = ~~~~~~ , = 1.40766 x 106 ft3/sec2

we get

r5
12 x 3600 = 2r~~~—

or
12 x 3600 ,— 2/3a = 
~ 2~r 

x vp) ft

= 87304207.72 f t
or

a = 14359.24 NM

Note that

ha + h p + 2R — 2a
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and

R = 3441.66 NM

Hence

ha = 2a — 2R — hp = 21835.16 — hp
for a 12—hour orbit.

Therefore, for perigee altitude hp varying from 200 NM to 400 NM, the apogee
altitude ha varies less than 1 perCent. Choosing hp = 400 NM, we can compute the
apogee altitude ha and hence the eccentricity e from the following equations;

ha = 2a — 2 R — h p

e = 
ha — hp

ha + hp + 2R

As the satellite travels from apogee to perigee, the eccentric anomaly E

changes from 180° to 00. Therefore, using the following equations,

R2 
= a( l—ecos E)

t = 12/2 — (l2/2ir)(E — e sin E)

R
1 

= ~~~ 2 - R2

we can plot the distance R1 from the satellite to the edge of the earth, and
the satellite altitude 

~
‘
~2 

— R) as a function of time t since apogee passage —

(see Fig. 2).

~ i

Also from the geometry of the orbit, we have

a — 2 sin~~ (R/R2)

0~ 02 + c&/2

and 0
3 = 02 — a /2

- _ _  
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where
R — a+ae2

02 — COS [ eR
2 

]
Therefore we can also plot the satellit, field of view a and the three angles
E
~
, 021 63 versus time t since apogee passage (see Figs. 3 and 4).

11

V 
0~~~ 

•

— -~~— — —~~~~ .-- ~~~~~~~~~~~~~~~~ ;_ ~~ 
_
~~~~~~. 

-
---~~~~~~~~~ .—w -

~~~
----- - — —



UNCLASSIFIED
SECURITY CLASS IFICATION OP Till S PAGE (the, Dota Eise ’ed)

(~Q~ 
REA D INSTRUCTION S

\.L!.4~ 
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

1 . RT NUN —r 2. GOVT ACCESSION NO. 3. RECIPIENT’S CATALOG NUMBER

E TR— 79—229 ; I _____________________________________
4. .TITL E (w.d SpbutIe) 

- - 
S~ PE F R ~~JL&.fl~~,OD COVERED

~ Technica1~~Jote~ 
-

~ Inclined Elliptical Orbit and Associated Satellite , 
‘~~—~ 

_ .... _-

Field of View , - -  —~~~~~~~~ _~~~ _J 6. PERFORMING ORG. REPORT NUNBE~~
— Technical Note 1979-62~

1. AUT HOR(s ) S. CONT RACT OR GRANT NUMBER(,)

Y~ .Lee C~~Lo 
,
i (

~ 
77~ 

..f?’/ ~~~ /
,
)F19628~78~C~~~~)

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT . PROJECT . TASK
AREA I WORK UNIT NUMBERS

Lincoln Laboratory , M.I.T.
P .O. Box 73 Program El No. 63431F
Lexington, MA 02173 ProJect No 1227~

11 CONTROLLING OFFICE NAM E AN D ADDRESS 12. REPORT DAT 
/

Air Force Systems Command, USAF /•~~—— ‘I~~I 26 5er ffi79/
Andrew S AFB t .

~~~ / - I i l
Washington, DC 20331 

~~~~~~~~~~~~~~~ 

43~ NUM BE~~OF PAGES

14. MONITORING AGENCY NAME I ADDRESS (if Sff.re.s fro.~ Co.uoUusg Offi ce )  15. SECURITY CLASS. (of tlsis report)

Electronic Systems DIVISIOn Unclassified
Hanscom AFB ___________________________________
Bedford , MA 01731 iSa. DECLASSIFICATION DOWNGRADING

Sal EDULE

16. DISTRIBUTION ST A T EM ENT( o f  this Report)

Approved for public release; distribution unlimited.

11. DI STRIBUTION STATEMENT (of the jôatrpct maSp~•d ,. Slack 20. if diff.re..i froi. R.port)

IS. SUPPLEMENTARY NOTES

None

~~ KEY WORDS (Co,,ti,.,e on re verse cii. if .c.,a~~~ ~~i idaalif r h~ bMck a~~ b.r)

artificial satellites field of view
elliptica l orbits

90. ABSTRACT (Cong..., . op. r.,ert. sod, if s.c.,.. 7 .u4 id.ssifr h,. Sheck ..i.b. ’)

~~~~~~ he 12-honr ind eed ellipdcal satellite orbits are stedled . ~~~ nrtatione
of the satellite range and field of view arc plotted as a function of dine elnon
apogee passage. ,—

00 4 A1173 
1473 EDITION OP I NOV 63 Ii OS*0I.ITI UNCLAS~~FIED

SECURITY CLAUIPICA7ION OP THIS PAGE (the. D~~ Ens,,.di

~o7 ~~~~ 
~~~~~~~~~~ 

j
~~~~~~~~~~~~~~~~~~~~~ 

-
C 

— -.- 

- - - -

~~~~~~~~— ~~~~~~~~— — - ~~~~~ UL_


